
Unclassified f.g rn -

SECi eatly A MSIFCATICIN OF FHIS PAGE FJIjIILE~
PORT DOCUMENTATION PAGE

Ia. 
tin2 0 9 21b.... h . l RESTRICTIVE MARKINGS

. A D- 200 26 a3. DISTRIBUTION/ AVAILABILITY OF REPORT
2a -%Distribution List Enclosed

[2b. DECLASSIFICATION I OWNGRA!K E)~
NOV 0 9 198IM__________________

4. PERFORMING ORGANIZATION RE UMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

Sa. NAME OF PERFORMING ORGANIZATION j6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

Purdue University (if applicble) Office of Naval Research

6c. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)
Department of the Navy

West Lafayette, Indiana 47907 Arlington, Virginia 22217

Sa. NAME OF FUNDING /SPONSORING 8 b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION j(if applicable)

Office of Naval Research j________N00014-86-K-0547
8c. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS

800 North Quincy Street PROGRAM F ROJECT ITASK IWORK UNIT

Arlington, VA 22217-5000 ELEMENT NO. INO. NO. ~ ACCESSION NO

It. TITLE (include Security Classification)
Physical and Chemical Characteristics of Organoboranes

12. PERSONAL AUTHOR(S)
Herbert C. Brown 

Pd ON13a. TYPE OF REPORT 113b. TIME COVERED 1 4. DATE OF REPORT (YearMonthOy t.PG ON
* Final OLRM8686 0/0881 1988, October 19 T 5

* 16. SUPPLEMENTARY NOTATION

17. COSATI CODES V R. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP '[PC2 BX, meso-epoxides, enantiose Tective ring cleavage,

1,2-halohydrins, R2BCl, R2BOTf, enol borinates,
ihydroboration

19. ABSTRACT (Continue on reverse if necessary and identify by block number)

see attached report

DIThIEUTnN STATEMENT A

Approved for public releasel
DistributionI Unli- ted

20. DISTRIBUTION I AVAILABI IJ Y OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
OIUNCLASSIFIEDUNLIMITED 9J SAME AS RPT. CODTIC USERS unclassified

22a. NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (include Area Code) 22c. OFFICE SYMBOL
Professor Herbert C. Brown (317) 494-53161

DO FORM 147 3, 84 MAR 83 APR edition may be used until exhausted. SECURITY Cl ASSIFICATION OF THIS PAGE
All other editions are obsolete.



OFFICE OF NAVAL RESEARCH

FINAL REPORT

for

Contract N00014-86-K-0547

Physical and Chemical Characteristics of Organoboranes

Accesion ftor

NTIS CRA&I
DTIC TAB
UWanno:-. d Q
Justiflcdt : .

_ Herbert C. Brownt --- -7 Department of Chemistry
Purdue University

S,. West Lafayette, IN 47907

:.st l oru~t

I i October 19, 1988
A8 15 J

88 10250 1f



Personnel Period on the Budget

R. K. Dhar 10/1/86 - 9/30/88

S. Swaminathan 8/5/86 - 6/30/88

P. Pandiarajan 12/1/86 - 5/31/87

C. Zhao 10/1/87 - 10/18/88

M. Srebnik 1/1/88 - 9/30/88

G. Rajendran 2/1/88 - 7/31/88

Technical Reports and Journal Articles

Technical Reports

1. Enantioselective Ring-Cleavage of meso-Epoxides with B-Halodiisopinocampheylboranes
N. N. Joshi, M. Srebnik and H. C. Brown

2. A Comparative Study of Dialkylboron Chlorides and Triflates for the Enolization of Ketones.
The Controlled Stereospecific Synthesis of Either [E]- or [ZJ-Enol Borinates
H. C. Brown, B. Singaram, R. K. Dhar, P. K. Pandiarajan and R. K. Dhar

3. Enantioselective Ring-Cleavage of meso-Epoxides with B-Halodiisopinocampheylboranes
N. N. Joshi, M. Srebnik and H. C. Brown
Oral presentation at the 146th Meeting of the American Chemical Society in Los Angeles,
CA, September 25-30, 1988

Journal Articles

1. Enantioselective Ring-Cleavage of meso-Epoxides with B-Halodiisopinocampheylboranes
N. N. Joshi, M. Srebnik and 1H. C. Brown
J. Am. Chem. Soc. 1988, 110, 6246

ummary of Accomplishments

n. tioselective Ring Cleavage
This subject has been detailed in Technical Reports (1), April 26, 1988, and (3), May 18,

1988. We have succeeded in obtaining optically active 1,2-halohydrins from meso-epoxides and
chiral organoboranes. This is the first time such an asymmetric transformation has ben

accomplished. e V I -- . ."- -) /
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2. Enol Borinates

This topic was the subject of Technical Report (2), May 13, 1988. In essence we have

found conditions for obtaining [EI-enol borinates from ketones and readily available

dialkylchloroboranes.

OH
0 OBR'2  0

J[RBC1 PhCHO

R Et3N R R Ph

[E]-borinate ani-Aldol

-80-99% 80-99%

Reaction of the [EI-enol borinate with an aldehyde then gives the anti-aldol product. This

methodology therefore complements the known process of obtaining [Z]-enol borinates from

ketones and dialkyl boron triflates, which in turn provide syn-aldol products.

3. Hydroboration of Alkenes
This project was only briefly covered in the End-of-the-Year Reports (July 21, 1987 and

July 22, 1988) and therefore will now be presented in greater detail.

Monohydroboration of symmetrically substituted internal alkynes, such as 3-hexyne and

diphenylacetylene, with an equivalent of 9-BBN can be carried out at 0oC and 250C respectively,
producing the B-vinyl derivatives in 95-98% yields. The dihydroboration of 3-hexyne (0.25 M)

with 2 equiv of 9-BBN (0.5 M) can only produce 56% of gem-dibora derivatives with 44% of B-

vinyl derivatives at 250C. However, the formation of gem-dibora derivatives can be improved by

increasing the temperature (650C) and concentration (0.75 M). The reaction of diphenylacetylene

with 2 equiv of 9-BBN can only produce B-vinyl derivatives at 250C, with no dihydroborated

product. The dihydroboration of terminal alkynes, such as 1 -hexyne and phenylacetylene, with 2

equiv of 9-BBN can produce gem-dibora derivatives in 81-90% yields. But the

monohydroboration of 1-hexyne and phenylacetylene with an equivalent of 9-BBN can only
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provide a mixture of B-vinyl and gem-dibora derivatives in 64:36 and 76:24 respectively.

Fortunately, the monohydroboration of 1-hexyne with 9-BBN can be improved by use of 100% of

excess of terminal alkyne, making possible the preparation of the corresponding B-[EJ-1-hexenyl-

9-BBN in 85% yield with no dihydroborated product. But in the case of phenylacetylene, the

monohydroboration can only be improved to 83:17 from 76:24.

No general synthesis of B-vinyl and dibora derivatives has been studied in detail using

various hydroborating agents and alkynes. Consequently, a systematic study was undertaken to

prepare various B-alkenyl and dibora derivatives from representative alkynes using 9-B BN (eqs I-

4).
R I

RC-CI, +(D BI! Tiff 6 (2)

R=cf, Ph Ph

r-C ---- r + Bi' t T fF -  (_2)

R--C2115 , P'h I

R-C- Ci + 2 oil - RCII2CII (3)
I

R=C4119, Ph

RCR1 C-R +R2 B RI I R (4)

R--C211

All yields were >_ 80%. The products were confirmed by conversion to the corresponding

aldehydes.


